in the Irminger Sea. Experimental animals were provided with natural microplankton food assemblages and incubated under in situ conditions for 24 h. The quantity of food consumed was significantly related to the concentration of prey cells, with total daily ingestion rates ranging from 0.6 to 8.1 mg of carbon female À1 day À1 , corresponding to carbon-specific rates of 0.6-4.7% day À1 . Egg production rates (EPRs) remained relatively low (0.3-11 eggs female À1 day À1 ) during both periods of investigation and were not influenced by food availability. The data were used to construct energetic budgets in which the microplankton carbon ingested, including ciliates, was compared with the carbon utilized for egg production and respiration. These budgets showed that ingestion alone could not provide the necessary carbon to sustain the observed demands for growth and metabolism. Although ciliates constituted >80% of the total material ingested at times, they were not sufficient to provide the metabolic shortfall. Indeed, the females were typically lacking $5 mg of carbon each day, $5% of their carbon biomass. Our study results highlight the possible importance of internal reserves in sustaining reproduction in C. finmarchicus during periods of food scarcity.
Simultaneous ingestion and egg production experiments were conducted with female Calanus finmarchicus in April/May and July/August 2002 in the Irminger Sea. Experimental animals were provided with natural microplankton food assemblages and incubated under in situ conditions for 24 h. The quantity of food consumed was significantly related to the concentration of prey cells, with total daily ingestion rates ranging from 0.6 to 8.1 mg of carbon female À1 day À1 , corresponding to carbon-specific rates of 0.6-4.7% day À1 . Egg production rates (EPRs) remained relatively low (0.3-11 eggs female À1 day À1 ) during both periods of investigation and were not influenced by food availability. The data were used to construct energetic budgets in which the microplankton carbon ingested, including ciliates, was compared with the carbon utilized for egg production and respiration. These budgets showed that ingestion alone could not provide the necessary carbon to sustain the observed demands for growth and metabolism. Although ciliates constituted >80% of the total material ingested at times, they were not sufficient to provide the metabolic shortfall. Indeed, the females were typically lacking $5 mg of carbon each day, $5% of their carbon biomass. Our study results highlight the possible importance of internal reserves in sustaining reproduction in C. finmarchicus during periods of food scarcity.
I N T R O D U C T I O N
The copepod Calanus finmarchicus typically contributes >50 % of the total mesozooplankton biomass in the northern North Atlantic (Planque and Batten, 2000) . This species plays a pivotal role in the planktonic ecosystem, providing a crucial trophic link between the microplankton and fish (e.g. Beaugrand et al., 2003) . Numerous studies have investigated the reproductive biology of C. finmarchicus (Hirche, 1996) . Typically, the number of eggs produced each day increases in response to food availability (Marshall and Orr, 1955; Hirche et al., 1997) , with maximum individual rates coinciding with the seasonal peak in food abundance (Niehoff et al., 1999) . Nonetheless, reproduction is known to occur both before and after the spring bloom (Diel and Tande, 1992;  significantly to the diet of C. finmarchicus (Nejstgaard et al., 1997; Levinsen et al., 2000; Nejstgaard et al., 2001a Nejstgaard et al., , 2001b , and it has been suggested that they are consumed in order to satisfy the energetic shortfall (e.g. Ohman and Runge, 1994) . However, this is not always the case, and it is frequently suggested that C. finmarchicus utilize lipid reserves in order to fulfil their metabolic demands during periods of food scarcity (Plourde and Runge, 1993; Irigoien et al., 1998; Niehoff et al., 1999; Richardson et al., 1999; Jonasdottir et al., 2002; Irigoien, 2004) . Deriving carbon from lipid reserves when food is absent is well known in the Arctic copepods, Calanus glacialis and Calanus hyperboreus (Hirche and Kattner, 1993; Hirche and Niehoff, 1996) . The more temperate species, Calanus helgolandicus, is also capable of catabolizing internal reserves in order to maintain a reproductive output (Rey-Rassat et al., 2002) .
The gonad maturation process in C. finmarchicus is thought to be fuelled by lipid reserves (Hirche and Niehoff, 1996 and references therein). Food-limited and starved female C. finmarchicus have also been shown to lose significant quantities of both carbon and nitrogen whilst still producing eggs, suggesting that they too are capable of reproducing from stored compounds (Niehoff, 2004) . However, the occurrence of this under in situ conditions has yet to be confirmed.
We present an in situ investigation into the reproductive and feeding ecology of adult female C. finmarchicus in the Irminger Sea region of the North Atlantic. The quantities of phytoplankton and ciliate carbon ingested were determined simultaneously with measurements of egg production. These data were used to construct energetic budgets in which the total quantity of carbon ingested was compared with carbon required for egg production and respiration. The relative roles that ciliates, phytoplankton and internal reserves play in sustaining reproduction in C. finmarchicus during periods of food scarcity are discussed.
M E T H O D
The ingestion and EPRs of C. finmarchicus females feeding on natural microplankton were investigated during a series of food-removal incubations. All experiments were conducted in April/May and July/August onboard RRS 'Discovery' under non-bloom conditions in the Irminger Sea during 2002 (Cruises D262 and D264, respectively: Table I ). Sampling stations are presented in Fig. 1 .
Female C. finmarchicus were collected using a 250-mm mesh net with a non-filtering cod-end hauled vertically from 50 m. In addition to the experimental animals, five groups of five female C. finmarchicus from each net sample were placed into tin cups and stored frozen at -808C for later carbon and nitrogen (CN) analysis. Water collected from the chlorophyll maximum was screened with a submerged 90-mm mesh and then carefully transferred to the 2.2-L incubation bottles via silicone tubing. Each bottle was filled a little at a time to ensure maximum homogeneity. The water-screening process may possibly have removed chain-forming algae and large protists but was necessary to remove large zooplankters and eggs. The resulting microplankton biomass estimates should therefore be considered as minimal estimates. Ten healthy, female C. finmarchicus were added to the experimental bottles at the start of each experiment and were incubated alongside control bottles that contained only the 90 mm screened seawater. Prey cells were maintained in suspension through constant rotation on a plankton wheel at sea surface temperature for 24 h. Changes in the microplankton community over the period of investigation were determined by preserving 100 mL of subsamples, taken from the experimental and control bottles at the beginning and end of the incubations, with 10% acidified Lugol's solution (Stoecker et al., 1994) . The eggs produced each day were collected onto a 53-mm mesh and counted. Representative samples of the eggs produced in April/May and July/August were washed with glass fibre, grade F (GF/F)-filtered seawater and transferred onto pre-combusted GF/F filters under gentle vacuum and stored frozen at -808C for later CN analysis. Elemental analysis was performed on freezedried samples using a Carlo Erba EA-1108 CN analyser using sulphanilamide as the standard.
Microplankton samples were carefully agitated before being transferred to Utermohl chambers. Aliquots of 50-100 mL were bleached with a saturated sodium thiosulphate solution to facilitate identification (Sherr and Sherr, 1993) and settled for a minimum of 24 h. Cells >10 mm equivalent spherical diameter (ESD) were identified and enumerated with an inverted microscope at 200Â magnification (Bamstedt et al., 2000) . Cryptomonads and flagellates were enumerated at 400Â using phase contrast with the latter being split into large-size (>3.5 mm ESD) and small-size (<3.5 mm ESD) categories. Cell volumes were determined by applying linear measurements of representative cells made with an ocular micrometer to simple geometric formulae. Phytoplankton carbon biomass was calculated using the biovolume-biomass regressions of Strathmann (Strathmann, 1967) . Ciliate biomass was estimated using a factor of 0.21 pg carbon mm 3 (Ohman and Runge, 1994) . Clearance and ingestion rates were calculated using the equations of Frost (Frost, 1972) . The selection index (SI) of Chesson (Chesson, 1978 ) was used to examine the feeding preferences of C. finmarchicus. This index varies between 0 and 1. SI i values of >0.5 indicate positive selection towards prey group i, whereas values of <0.5 indicate discrimination against prey i. Carbon-specific daily ingestion rates (day À1 ) were estimated by dividing the average amount of carbon ingested by the average carbon content of the females at each station. Similarly, carbon-specific daily production rates (day À1 ) were estimated by dividing the total amount of carbon expelled as eggs each day by the average carbon content of the females at each station.
The resulting ingestion and egg production data were subsequently used to examine the carbon budgets of the experimental animals. In addition to carbon demands for egg production, there is also a carbon demand for respiration. The total carbon demand of the experimental females was therefore estimated as the sum of Respiration measurements were not made as part of the study. Oxygen consumption rates were instead estimated as a function of nitrogen biomass and habitat temperature (Ikeda et al., 2001 ) and converted to carbon requirements by using an RQ of 0.97 (Ikeda et al., 2000) . As an independent check, respiration rates were also estimated by assuming that the females produce eggs with a gross growth efficiency of 25% (Straile, 1997) . The carbon budgets were constructed according to the formula:
Ingestion + use of body reserves = egg production + respiration + egestion
The quantity of carbon egested was estimated assuming a carbon assimilation efficiency of 80% (Landry et al., 1984; Hassett and Landry, 1990) .
R E S U L T S Ingestion
In order to understand the feeding and food preferences of C. finmarchicus, a detailed knowledge of the available prey is essential. The composition and biomass of the microplankton communities differed substantially between the seasons. Total microplankton abundance was generally low in April/May (9.3-28.6 mg carbon m À3 ), and the communities sampled were dominated by ciliates and flagellates (Fig. 2) . Flagellated cells were particularly abundant at station A2 on the Reykjanes Ridge, where together they accounted for $85% of the total biomass (Table II) , reaching $25 mg carbon m
À3
. Ciliate abundance remained relatively constant at all the stations sampled in April/ May, ranging from 3.2 to 6.4 mg carbon m
. The stations sampled in July/August had more variable microplankton assemblages, in terms of both composition and biomass (Fig. 2) . Total biomass was typically higher than that encountered in April/May, ranging from 24.2 to 83.0 mg carbon m
. Pennate diatoms (Tropodineis sp.) were particularly abundant at station DD9 (59.3 mg carbon m À3 ), representing 72% of the total available biomass (Table II) . The larger (>3.5 mm ESD) flagellates were abundant at stations DD9 and C9, where they accounted for 17 and 29% of the total biomass, respectively (Table II) .
Female body carbon and nitrogen are presented in Table III . Total daily ingestion rates ranged from 0.6 to 1.3 mg carbon female À1 day À1 in April/May and from 2.2 to 8.1 mg carbon female À1 day À1 in July/August (Table III) . The estimated ingestion rates correspond to carbon-specific rates of 0.6-1.4% day À1 in April/May and 2.5-4.7% day À1 in July/August. Specific ingestion rates were related to the amount of available food, as illustrated by the significant correlation between the microplankton concentration and ingestion rate (Fig. 3A) . Conversely, food availability was not correlated with carbon-specific EPRs (Fig. 3B ). Positive selection towards ciliates (SI ciliates > 0.5) was observed at all stations excluding C9 (Table II) . They were the dominant prey group in the diet at all of the stations in April/May, with ciliates contributing up to 80% of the total amount of carbon ingested during this period (Fig. 4) . Other patterns in selection were less discernible, and non-motile prey groups were not consistently selected for or against (Table II) . Indeed, the proportion of other prey cells in the diet typically reflected that of the available food (Fig. 4) .
Egg production
Eggs produced in April/May contained an average of 347 ± 37 ng carbon and 51 ± 1 ng nitrogen (n = 4, minimum of 150 eggs per replicate). Similarly, the average egg produced in July/August contained 305 ± 24 ng carbon and 53 ± 2 ng nitrogen (n = 4, minimum of 150 eggs per replicate). The quantities of carbon and nitrogen in the eggs did not differ significantly between the seasons (t-test, P > 0.3 in both cases); therefore, the overall average carbon content of the eggs (326 ng carbon egg ). This difference in fecundity between these two sampling times was significantly different (ANOVA, P = 0.004, n = 46). Carbonspecific EPRs ranged from <1 to 2.4% day À1 and from *P < 0.05, **P < 0.01, ***P < 0.001 (t-test to determine whether CR and IR are significantly different from zero, n = 3). Stn., station name; fem., female. Data are also presented as carbon-specific rates (C-SIR and C-SEPR), as explained in the text.
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1.6 to 4.8% day À1 in April/May and July/August, respectively (Table III) .
Metabolic carbon budgets
The metabolic budgets of the experimental animals are presented in Table IV . Ingested carbon was approximately equal to that associated with the eggs produced at stations A2, D11 and I3. However, total metabolic demands exceeded the amount of carbon supplied via ingestion at all stations (Table IV) . Calanus finmarchicus was assumed to assimilate carbon with an efficiency of 80% (Landry et al., 1984; Hassett and Landry, 1990) , further reducing the amount of carbon available for metabolic processes. When this is taken into consideration, the females in April/May were typically lacking $5 mg carbon female À1 day À1 , which is more than four times the amount of carbon they usually ingested. During the subsequent cruise in July/August, the females would have had to consume food at approximately twice the estimated rates if ingestion alone was to satisfy their metabolic demands.
Respiration in C. finmarchicus is known to vary seasonally, being lower when food is scarce (e.g. Butler et al., 1970) . The equations of Ikeda et al. (Ikeda et al., 2001) are derived from experiments conducted between spring and summer when food is more abundant. The resulting rates should therefore be considered as maximal estimates (Ikeda et al., 2001) , as the experiments presented here were conducted during periods of low food abundance. Nonetheless, the independent estimates of respiration are generally in agreement with those derived from nitrogen biomass ( Table IV) , suggesting that they are indeed representative rates. Carbon must be supplied from ingestion or internal reserves; therefore, the apparent discrepancy between the supply and demand for carbon strongly suggests that internal reserves were catabolized in order to provide this carbon deficit.
D I S C U S S I O N
The metabolic budgets presented here provide the basis for a comparison between the supply and demand for carbon in reproductively active female C. finmarchicus feeding on natural microplankton assemblages. The key finding of this work is that outside of bloom conditions, the carbon requirements for egg production and respiration were typically well in excess of the microplankton carbon ingested (Table IV) .
Egg production in C. finmarchicus is most likely related to feeding conditions 2-3 days earlier . The 'metabolic budget' approach adopted here therefore assumes that the experimentally determined feeding rates were representative of those 2-3 days previously. Remotely sensed ocean colour data from the study area (data not presented) confirmed that surface chlorophyll concentrations remained low (<2.5 mg carbon m 2 ) during and between the months in which the experiments were conducted, indicating that phytoplankton blooms that might have distorted our study results did not occur. Considering this scarcity of food, it is unlikely that C. finmarchicus could have achieved grazing rates significantly higher than those measured in the experiments and so we consider our study results robust with respect to the balance between egg production and grazing. It has previously been suggested that ciliates contribute significantly to the growth process when phytoplankton cells are scarce (Ohman and Runge, 1994) . Ciliates represented a disproportionally large percentage of the food consumed by C. finmarchicus relative to their availability in the plankton during these incubations (Fig. 4) , suggesting that they were positively selected. Indeed, ciliates typically contributed between 10 and 80% of the total carbon ingested during the incubations. Nonetheless, it is readily apparent that selecting ciliates cannot always supply the necessary carbon to fulfil the energetic demands associated with reproduction when food is scarce (Irigoien et al., 1998; Richardson et al., 1999) .
It is interesting to observe that ingestion rates increased linearly with food availability (Fig. 3) , suggesting that the feeding of C. finmarchicus did not saturate at the prey concentrations encountered (Huntley, 1981; Irigoien et al., 1998; Bamstedt et al., 1999) . Furthermore, it appears that the animals were attempting to maximize their food intake by feeding indiscriminately on all non-motile prey items (Fig. 4) . This behaviour is predicted by optimal foraging theory (MacArthur and Pianka, 1966) and has previously been observed in situ for Calanus chilensis (Cowles, 1979) . Together, these data suggest that the experimental animals were food-limited, which agrees well with the observed discrepancy between the supply and demand for carbon.
There are three possible explanations for why the ingested carbon was not sufficient to meet the estimated metabolic demands, none of which are mutually exclusive: (i) EPRs were overestimated; (ii) daily ingestion rates were underestimated; and (iii) the females' biomass provided additional material.
Egg production
The incubation water was screened with a 90-mm mesh to remove any eggs before experimentation; therefore, overestimating the number of eggs produced was unlikely. Carbon-specific EPRs of 1-5% day À1 , as found here (Table III) , appear to be typical for C. finmarchicus under non-bloom conditions (Hirche, 1990; Diel and Tande, 1992; Ohman and Runge, 1994; Runge and Plourde, 1996; Cabal et al., 1997; Hirche et al., 1997; Irigoien et al., 1998; Campbell et al., 2001) , further suggesting that egg production was not overestimated.
It is noteworthy that the carbon and nitrogen contents of the eggs analysed here are substantially greater than the values of 0.23 and 0.25 mg carbon egg À1 previously reported (Ohman and Runge, 1994; Cabal et al., 1997) . The size and organic content of C. helgolandicus eggs are known to vary seasonally in response to food availability (Pond et al., 1996) , although the carbon : nitrogen ratio of the eggs does appear to remain constant (Anderson and Pond, 2000) . Egg size has been suggested to be a sensitive indicator of the nutritive state of female C. helgolandicus (Guisande and Harris, 1995) and is known to correlate negatively with fecundity (Pond et al., 1996) . The large eggs produced at stations A2 and I3 therefore indicate that food availability was poor and that the females were investing in fewer, larger eggs. Differences in the elemental composition of the eggs in April/May and July/August were not observed in this study. However, considering that microplankton abundance was very similar at stations A2 and I3 (Fig. 2) , differences between these sampling dates may not have been expected.
Ingestion rates
The clearance and ingestion rates for all prey groups estimated here (Table II) agree well with other studies in which natural microplankton assemblages have been offered as food (e.g. Nejstgaard et al., 2001a Nejstgaard et al., , 2001b IR, ingestion rate; C egg , the amount of carbon allocated to egg production each day. The amount of carbon respired (C res 1 ) was estimated using the nitrogen biomass-specific equations of Ikeda et al. (Ikeda et al., 2001) , assuming an RQ of 0.97. Respiration was also estimated assuming a gross growth efficiency of 25% (Straile, 1997) (C res   2 ). The quantity of carbon egested (C egd ) was estimated assuming a carbon assimilation efficiency of 80% (Landry et al., 1984; Hassett and Landry, 1990) . The amount of carbon required (C req ) to balance the metabolic budget (C req = C egg + C res 1 + C egd -C ingested ). The number of eggs required to balance the metabolic budget (E req ) was estimated by dividing C req by the average carbon content of an egg, assuming an assimilation efficiency of 80% (references above).
However, microzooplankton grazing artefacts in mesozooplankton feeding experiments can result in negative copepod grazing rates, ultimately leading to an underestimation of the daily ingestion rate (Nejstgaard et al., 1997 (Nejstgaard et al., , 2001a (Nejstgaard et al., , 2001b . Negative clearance rates were sometimes apparent in this study, particularly for cells <5 mm ESD. Such results occur when the net growth of prey cells is greater in the experimental bottles, relative to the controls. This can arise when copepods selectively remove microzooplankton, as observed in this study, causing differential microzooplankton grazing pressure in the experimental and control bottles. Cells that are heavily grazed by microzooplankton in the controls may be significantly decreased relative to the experimental bottles during the incubation. Conversely, these cells may become more numerous in the experimental bottles relative to the controls because of a reduction in microzooplankton grazing pressure. Microzooplankton grazing coefficients, determined by running dilution experiments (Landry and Hassett, 1982) simultaneously with the copepod grazing experiments, can be used to correct these experimental artefacts (e.g. Nejstgaard et al., 1997) . Unfortunately, no such experiments were conducted, and consequently the estimated copepod grazing rates cannot be corrected for such artefacts. The resulting ingestion rates must therefore be considered as minimal estimates. Nonetheless, the carbon-specific ingestion rates estimated here, between 0.6 and 4.5% day
À1
, are similar to those previously determined for C. finmarchicus under non-bloom conditions. Elsewhere in the North Atlantic, C. finmarchicus has typically been observed to ingest between 1.1 and 4.5% day
, with the lower values being reported for months early in the year when temperatures are lower (Ohman and Runge, 1994; Irigoien et al., 1998; Meyer-Harms et al., 1999; Levinsen et al., 2000) . The absolute quantities of carbon ingested may, however, be underestimates, because they do not take into consideration the ingestion of detrital material and eggs.
Detritus represents a large pool of organic carbon in the North Atlantic (Weeks et al., 1993) , and 'marine snow' aggregates were observed in the settled microplankton samples. It is known to feature as a dietary component for some copepods (e.g. Heinle et al., 1977; Kosobokova et al., 2002; Schnetzer and Steinberg, 2002; Kattner et al., 2003) and has been suggested to be of importance for various zooplankters in the northeast Atlantic (Lampitt et al., 1993) . Studies addressing the ingestion of detritus by Calanus are somewhat conflicting (Paffenhöfer and Strickland, 1970; Paffenhöfer and Knowles, 1979; Dilling et al., 1998) , although detrital matter may be ingested in the absence of alternative food (Dilling et al., 1998) .
Calanus spp. are also known to consume their own eggs (e.g. Kang and Poulet, 2000; Bonnet et al., 2004) ; therefore, the daily ingestion rates may be underestimates if egg cannibalism was apparent during the incubations. Egg production and ingestion rates were estimated simultaneously from each incubation bottle. It is necessary to maintain the microplankton in suspension during feeding incubations (Bamstedt et al., 2000) , and consequently there were no feasible means by which the females could have been separated from their eggs. However, it is doubtful that eggs could have provided sufficient material to meet the energetic shortfall. Examination of the data demonstrates that in addition to microplankton, each female would typically have to ingest >10 eggs day À1 to meet the observed carbon demands ( Table IV) . Considering that C. finmarchicus generally produces <10 eggs female À1 day À1 outside of bloom conditions (Melle and Skjoldal, 1998; Niehoff et al., 1999; Gislason and Astthorsson, 2000) , it is unlikely that enough eggs were produced during the experiments to satisfy the metabolic demands. Furthermore, close agreement between the rates reported here and those from experiments in which the females were separated from their eggs (references above) suggests that egg cannibalism was not commonplace during the incubations.
Female biomass
It is often suggested that C. finmarchicus utilize lipid reserves to continue reproduction when food is scarce (Plourde and Runge, 1993; Irigoien et al., 1998; Niehoff et al., 1999; Richardson et al., 1999; Jonasdottir et al., 2002; Irigoien, 2004) , and the use of body reserves to sustain egg production during these experiments is a far more likely explanation for the discrepancy in the metabolic budgets. This reproductive strategy is known to be utilized by the more northerly species, C. glacialis and Calanus hyperboreous (Hirche and Kattner, 1993; Hirche and Niehoff, 1996) . The catabolism of internal reserves cannot be confirmed from these experiments, although the lack of correlation between microplankton concentration and egg production does indicate that the reproductive process was decoupled from food availability. This suggests that maternal carbon contributed to the growth process during the incubations. Experimental confirmation of this phenomenon occurring in C. finmarchicus remains scarce (Niehoff, 2004) , although seasonal trends in body carbon and nitrogen strongly support this idea (Tande, 1982; Irigoien et al., 1998) . Furthermore, experimental work has demonstrated that the more temperate species, C. helgolandicus, also produces eggs by catabolizing internal lipid and protein reserves (Rey-Rassat et al., 2002) .
The majority of the lipid reserves in C. finmarchicus are sequestered during the copepodite CIII-CV stages (Kattner and Krause, 1987; Tande and Henderson, 1988; Hygum et al., 2000) . It has recently been hypothesized that the offspring of females reproducing slightly in advance of the bloom will benefit from high food concentrations during the lipid accumulation stages (Irigoien, 2004) . Such a reproductive strategy implies that the success of C. finmarchicus populations is dependent upon the occurrence of the spring bloom. It is therefore of concern that climate-induced changes are causing the temperaturedependent animals to develop at faster rates, advancing their seasonal peak in abundance (Edwards and Richardson, 2004) . It is therefore possible that in areas such as the North Sea, where the spring bloom remains relatively static in time (Edwards and Richardson, 2004) , future warming may cause a temporal mismatch between the appearance of C. finmarchicus copepodites in the plankton and the spring diatom bloom. A similar theory has been proposed to explain the absence of breeding populations of C. finmarchicus in the Barents Sea. In this instance, cooler temperatures of the Arctic waters slow the development of C. finmarchicus, causing their spawning to occur after the collapse of the spring bloom (Melle and Skjoldal, 1998) . The resulting offspring face poor conditions for further development, and subsequent recruitment to the adult population in this area apparently fails.
In conclusion, the quantities of microplankton carbon ingested by C. finmarchicus were not sufficient to meet the costs of egg production and respiration during the experiments in April/May and July/August, despite the fact that ciliates were positively selected. Egg production was decoupled from microplankton availability, suggesting that internal reserves were utilized in order to sustain it. A reproductive strategy that relies upon internal stores implies a strong dependency upon the spring bloom and suggests that C. finmarchicus populations may be vulnerable to climate-induced changes causing a mismatch between the timing of their arrival in surface waters and that of the seasonal phytoplankton maximum.
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